From measurement of either the intracellular transverse (2) or longitudinal (6) relaxation times under circumstances in which the extraceilular relaxation rates are made variable, the mean residence time (Ta) for water molecules within the cell can be determined. The effect of addition of Mn2+ ions is to decrease the relaxation times of extracellular water to values much shorter than those of intracellular water. When a water molecule moves through the membrane into extracellular space its spin state can be "relaxed" within a few msec after it has diffused an average displacement of a few ,tm. It is in this respect that the problem of extracellular unstirred layers is removed.
Most available methods for measuring Pd4 of plant cell membranes are subject to the problem of "unstirred layers" (4, 11) . This problem occurs when the flux being measured is controlled by diffusion through layers of water adjacent to the membrane (intracellular or extracellular) and not by the membrane. The problem of unstirred layers is especially serious in multicellular plant tissue, since water flux is often controlled by the time required for water movement through the extracellular space (including the cell walls). Thus, measurements of plant membrane water permeability have been limited to plant systems where the problem of unstirred layers is minimal or can be accounted for. For example, Gutknecht (9) reported the determination of diffusional water permeability of Valonia cells by separately measuring the effect of unstirred layers, but this method is not generally ' Supported by Grant Conlon and Outhred (2) and Fabry and Eisenstadt (6) have demonstrated a technique utilizing NMR to measure the diffusional water permeability of red blood cells. The method is free of the problem of extracellular unstirred layers. In the NMR experiment, intracellular water is distinguished from extracellular water by the difference in the relaxation time of the respective 'H (proton) nuclear spin systems. Conlon and Outhred added MnCl2 to the extracellular water to control its relaxation time through its known dependence on concentration of Mn2+ ions.
From measurement of either the intracellular transverse (2) or longitudinal (6) relaxation times under circumstances in which the extraceilular relaxation rates are made variable, the mean residence time (Ta) for water molecules within the cell can be determined. The effect of addition of Mn2+ ions is to decrease the relaxation times of extracellular water to values much shorter than those of intracellular water. When a water molecule moves through the membrane into extracellular space its spin state can be "relaxed" within a few msec after it has diffused an average displacement of a few ,tm. It is in this respect that the problem of extracellular unstirred layers is removed.
A second NMR experiment that also hastens relaxation in the extracellular region is the pulsed field gradient spin echo experiment (17) . This experiment, normally used to measure the diffusion coefficient of water, can be utilized to determine the value of T, (19, 20 Evidence for the existence of NMR relaxation centers in the cell walls is obtained from data shown in Figure 2 which show decay of transverse nuclear magnetization for varying packed cell density. The PCD expresses Chlorella cell concentration as the percentage of maximum possible density after centrifugation. For the sample in Figure 2 Figure 2 while the faster decaying components are due to intracellular and extracellular water in the packed cell region. With the excess solution removed by blotting, the dominant T2 in this 100% PCD sample is 33 msec (Fig. 2) (2, 21) . Thus, population a with the longer T2 is the intracellular water and population b the extracellular water (Table I ).
The data of (Fig. 4) . The other responded as though it had a lower diffusion coefficient that decreased as T was increased, indicating that its diffusion was restricted (13) . When I mM MnCl2 was added to the extracellular solution to hasten its relaxation, only the "slowly diffusing" population was observed. The disappearance of the rapidly diffusing water identifies it as extracellular. The slower, restricted diffusion The hypothesis that the value of Ta might be altered by high concentrations of divalent cations was tested using high concentrations of MnCl2 and CaCl2 in the extracellular solution. MnCl2 had no influence on Ta over a concentration range of 10 to 100 mM (19) . Similarly, over a range from 0 to 200 mm concentration CaCl2 had no effect on Ta (19) . Because Ta was not affected by presence of unphysiological divalent cation concentration, it is concluded that divalent cations do not alter water diffusional permeability of Chlorella cell membranes.
NMR Measurement of Ta Using the Pulsed Gradient Technique. In a series of measurements ofdiffusion coefficients ofintracellular and extracellular water, it became clear that the pulsed gradient spin echo experiment could be utilized to determine the value Ta (19, 20) . This application is possible because the Chlorella cells are small, a requirement that is compatible with the condition stated earlier that Ta > TD, which means R < (Da/Pd). Before examining this new method for the determination of Ta we review the pulsed gradient experiment. In its simplest form, a uniform magnetic field gradient G = (6H,/8z), where z is the direction of the homogeneous zeeman field used for NMR, is applied for a time duration 8 between the 90°and 1 80°rf pulses of the standard spin echo experiment. The identical gradient pulse must also be applied between the 1800 rf pulse and the time of the echo formation. The 90°-1800 rf pulse spacing is T. The normalized amplitude of the echo signal is for a single spin system with unrestricted diffusion (17) . (5) where A is the time between application of the gradient pulses and Mo(2T) is the echo amplitude for G = 0. By measuring M(2T) as a function of G2'(A -6/3) the value of D can be determined.
With boundaries such as cell walls to restrict the motion of molecules carrying the nuclear spin, the equation for M(2T) is considerably more complicated (13) . The effects of boundaries become important when the 90°-180°pulse spacing, T, exceeds TD = (R2/Da). Tanner and Stejskal (22) and Neuman (13) have shown that in the limit T >> TD and T >> for a spin system in a spherical container with radius R and perfectly reflecting walls, M(2T) becomes M(2T) oc exp [-y2G282R2/5J.
It is perhaps curious that the magnetization in this limit is independent of D. The independence of D is due to the assumption T >> TD, so that in a time 2T the molecules have a high probability of crossing the sphere many times, and that number of crossing need only be large. In a two-component system such as packed Chlorella cells in an aqueous solution, the diffusional motion of the intracellular water is restricted (except for the finite membrane permeability) to the region within the spherical membrane. Since extracellular water is much less restricted and can diffuse distances considerably greater than the cell radius, its signal amplitude is given by equation ( T-D, (6) since Db= Da and it has been already summed that T >> YD2. The pulsed gradient, therefore, can severely attenuate the extracellular water signal to an effectively negligible value. What remains is the unexchanged intracellular signal which has an amplitude M(2r) C paexpl-(2T/Ta) -y2G28R2/51 .@0.01 (18) and which for T . 20 msec have had slopes set equal to (y'k2R2/5) where k = G/l, and k = 9.7 Gauss/cm amp.
In the previous sections, intracellular structure has not been considered. Justification for this assumption is found in pulsed gradient measurements where T > TD. The good fit between data in Figure 5 and the straight line slopes is good confirmation that the motion of water molecules remaining in the cell, and still part of the NMR signal, have their diffusive motion restricted by the cell membrane because the mean value of R used to establish the slopes of these lines was determined independently of the NMR observations. If there were significant hindrance to intracellular water movement caused by intracellular structure, then the value of R2 used in calculating these slopes would have to be approximately that of the intracellular compartments. Thus, it is argued that intracellular structure does not seriously obstruct mixing of intracellular water.
The signal amplitude, found by extrapolating the straight lines of Figure 5 back to G = 0 (i.e. where IS = 0), is an amplitude that differs from that actually measured for G = 0. This is because the value at G = 0 depends upon many characteristics such as T., Tb, Tb, pa of the two water populations (intra-and extracellular). The value obtained by extrapolating back to G = 0 depends only upon the amount of unrelaxed intracellular water as established by Ta and cell size.
The maximum values of G and 8 used were 173 G/cm and 1.7 msec. The coil constant k = 9.7 (Gauss/cm-amp). A value Ta = 25 ± 2 msec is obtained if only data for T 2 10 msec (whereT >> TD) are utilized (see Fig. 6 ). exists as to whether turgor pressure affects Lp; the above values were determined under varying known turgor pressures (5, 14) . A second and new NMR technique, involving diffusion coefficient measurements of water, is also described. This technique, which does not require addition of paramagnetic ions, yields a value of r. in agreement with the Conlon-Outhred method. When applicable, this NMR method is preferable since it avoids the question of how additional ions might perturb membrane water permeability.
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